Zhu et al. Journal of Inequalities and Applications 2014, 2014:304 ® Journal of Inequalities and Applications
http://www.journalofinequalitiesandapplications.com/content/2014/1/304 a SpringerOpen Journal

RESEARCH Open Access

New algorithms designed for the split
common fixed point problem of
quasi-pseudocontractions

Li-Jun Zhu', Yeong-Cheng Liou**", Jen-Chih Yao** and Yonghong Yao®

“Correspondence:
simplex_liou@hotmail.com Abstract
?Department of Information

Management, Cheng Shiu In this paper, we study the split common fixed point problem, which is to find a fixed

University, Kaohsiung, 833, Taiwan point of a quasi-pseudocontractive mapping in one space whose image under a
*Center for Fundamental Science, linear transformation is a fixed point of anther quasi-pseudocontractive mapping in
Kaohsiung Medical University, . . . . . . X
Kaohsiung, 807, Taiwan the image space. We design and analyze a new iterative algorithm for solving this
Full list of author information is split common fixed point problem. A weak convergence theorem is given.

available at the end of the article MSC: 49J53: 49M37; 65K10: 90C25

Keywords: split common fixed point; quasi-pseudocontractive mappings; weak
convergence

1 Background and motivation
Let C and Q be nonempty closed convex subsets of real Hilbert spaces H; and H, respec-

tively. The split feasibility problem is formulated as finding a point x* with the property
x*eC and Ax*e€Q, (1.1)

where A : Hy — H, is a bounded linear operator. The split feasibility problem in finite-
dimensional Hilbert spaces was first introduced by Censor and Elfving [1] for modeling in-
verse problems which arise from phase retrievals and in medical image reconstruction [2].

A special case of the split feasibility problem (1.1) is when Q = {b} is singleton and then

(1.1) is reduced to the convexly constrained linear inverse problem [3]
x*€C and Ax*=b, (1.2)

which has received considerable attention.

The well-known projected Landweber algorithm [4] is widely used to solve (1.2). This
algorithm generates a sequence {x,} in such a way that we have

« initialization: xy selected in H, arbitrarily, and

o iteration:

Xl = PC(xn + VAT(b _Axn)); (13)
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where P¢ denotes the nearest point projection from H; onto C, y > 0 is a parameter
such that 0 < y < 2/||A||%, and A7 is the transpose of A.
When the system (1.2) is reduced to the unconstrained linear system

Ax* = b, (1.4)
then the projected Landweber algorithm [4] is turned to the Landweber algorithm:
Kus1 =%, + AT (b — Ax,). (1.5)

The simultaneous algebraic reconstruction technique is a typical example of the Landwe-
ber algorithm (1.5) when the system (1.4) is finite-dimensional.

The first iterative algorithm for solving the split feasibility problem (1.1) in the finite-
dimensional case is proposed by Censor and Elfving [1] who define a sequence x,, by the

recursion:
%ne1 = A7 Po(Pacc)(Axy)), n>0, (1.6)

where C and Q are closed convex sets of R”, and A is an # x n matrix of full rank. Here
A(C) ={y e R":y = Ax,x € C} is the image of C under the matrix A.

Because of the presence of the inverse A7, the algorithm (1.6) has not become popular.
A more popular algorithm that solves the split feasibility problem (1.1) is the so-called CQ
algorithm introduced by Byrne [2]. This algorithm, which does not involve A~1, generates
a sequence {x,} as follows:

Kppsl = Pc(x,, —yATU —PQ)Ax,,), n>0, 1.7)

where 0 < y < 2/||A||? and Pg denotes the nearest point projection from H, onto Q. Conse-
quently, Xu [5] extend the above results from the finite-dimensional spaces to the infinite-
dimensional spaces.

In the case where C and Q in (1.1) are the intersections of finitely many fixed point sets
of nonlinear operators, problem (1.1) is called by Censor and Segal [6] the split common
fixed point problem. More precisely, the split common fixed point problem requires one
to seek an element x* € H satisfying

x* e mFix(Si) and Ax* e mFiX(Tj), (1.8)
i=1 j=1

where Fix(S;) and Fix(T;) denote the fixed point sets of two classes of nonlinear operators
S;: Hy — Hj and T; : Hy — H>. In this situation, Byrne’s CQ algorithm does not work
because the metric projection onto fixed point sets is generally not easy to calculate. To
solve the two-set split common fixed point problem, motivated by the algorithms (1.3) and
(1.7), Censor and Segal [6] proposed the following iterative method: For any initial guess
x1 € H, define {x,} recursively by

Xna1 = U(xy — AA*(I - T)Ax,), n >0, (1.9)
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where U and T are directed operators and A > 0 is known as the step-size. They proved
that if A € (0, W), then (1.9) converges to a split common fixed point x* € I' = {x €
Fix(U); Ax € Fix(T)}. Consequently, Moudafi [7] extended (1.9) to the following relaxed
algorithm:

Uy =%, — YA (I - T)Axy,

Xn+l = (1 - an)un + anu(un)r neN,

where U and T are demicontractive operators, 8 € (0,1), y € (0, I_T") with A being the
spectral radius of the operator A*A and «,, € (0,1) is relaxation parameter. We note that the
classes of directed and demicontractive operators are important classes since they include
the orthogonal projections and the subgradient projectors. For some other related work,
please refer to [8—26] and [27].

In the present paper, our main motivation is to extend the classes of directed and
demicontractive operators to the class of quasi-pseudocontractions because the class of
quasi-pseudocontractions includes the classes of directed and demicontractive operators
as special cases. Interest in pseudocontractive mappings stems mainly from their firm
connection with the class of monotone operators. We present a unified framework for the
study of this problem and this class of operators. We propose an iterative algorithm and
study its convergence.

2 Notations and lemmas
Let H be a real Hilbert space with inner product (-,-) and norm || - ||, respectively. Let C
be a nonempty closed convex subset of H.
Recall that a mapping 7' : C — C is called
« nonexpansive if | Tx — Ty|| < ||lx — y|| for all x,y € C;
« quasi-nonexpansive if || Tx — x*|| < ||x — x*|| for all x € C and x* € Fix(T);
« firmly nonexpansive if | Tx — Ty||> < |lx = y||> = |(I = T)x — (I = T)y||? for all %,y € C;
« firmly quasi-nonexpansive if || Tx — x*||? < ||x —x*||> — || Tx — x| for all x € C and
x* € Fix(T);
« strictly pseudocontractive if || Tx — Ty||? < |lx = y||?> + k||(I = T)x — (I = T)y||? for all
x,y € C, where k € [0,1);
o directed if (Tx —x*, Tx —x) < 0 for all x € C and x* € Fix(T);
« demicontractive if || Tx — x*||% < ||x — x*||> + k|| Tx — x| for all x € C and x* € Fix(T),
where k € [0,1).
The concept of directed operators was introduced by Bauschke and Combettes [28] who
proved that T': C — C is directed if and only if

| 7 - * ”2 < ”x—x*”2 — I Tx — x|?

for all x € C and x* € Fix(7T). It can be seen easily that the class of directed operators
coincides with that of firmly quasi-nonexpansive mappings.

From the above definitions, we note that the class of demicontractive operators contains
important operators such as the directed operators, the quasi-nonexpansive operators and
the strictly pseudocontractive mappings with fixed points. Such a class of operators is
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fundamental because they include many types of nonlinear operators arising in applied
mathematics and optimization; see for example [29] and references therein.
Recall also that a mapping T': C — C is called pseudocontractive if

(Tx~Tyx—y) < |lx -yl
for all x,y € C. It is well known that T is pseudocontractive if and only if
1T = 911> < e = yI12 + | (1 = T = (1 = Ty
forallx,y € Cand T : C — C is said to be quasi-pseudocontractive if
||Tx—x*||2§ ||x—x*||2+||Tx—x||2 (2.1)

for all x € C and x* € Fix(T).

It is obvious that the class of quasi-pseudocontractive mappings includes the class of
demicontractive mappings.

A mapping T : C — Cis called L-Lipschitzian if there exists L > 0 such that

7% — Tyl < Lilx -yl

forallx,y e C.

Usually, the convergence of fixed point algorithms requires some additional smoothness
properties of the mapping 7" such as demiclosedness.

Recall that a mapping T is said to be demiclosed if, for any sequence {x,} which weakly
converges to x, and if the sequence {7 (x,)} strongly converges to z, we have T'(¥) = z.

Observe also that the nonexpansive operators are both quasi-nonexpansive and strictly
pseudocontractive maps and are well known for being demiclosed. For the pseudocon-
tractions, the following demiclosedness principle is well known.

Lemma 2.1 ([30]) Let H be a real Hilbert space, C a closed convex subset of H. Let U :
C — C be a continuous pseudocontractive mapping. Then

(i) Fix(U) is a closed convex subset of C,

(it) (I —U) is demiclosed at zero.

In the next section, we will need to impose the demiclosedness to the quasi-pseudocon-
tractions.
It is well known that in a real Hilbert space H, the following equality holds:

|tx+ =2y |* = tllx® + (L= D)y 1> - 201 - )l -y 2.2)
forallx,y € H and ¢ € [0,1].

Lemma 2.2 ([28]) Let H be a Hilbert space and let {u,} be a sequence in H such that there
exists a nonempty set Q C H satisfying the following:

(i) forevery u € Q,lim, ||u, — u|| exists,

(ii) any weak-cluster point of the sequence {u,} belongs in Q.
Then there exists x' € Q such that {u,} weakly converges to x.
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In the sequel we shall use the following notations:

1. wy(u,)={x: Juy, — x weakly} denote the weak w-limit set of {u,};
2. u, — x stands for the weak convergence of {u,} to x;

3. u, — x stands for the strong convergence of {u,} to x.

3 Main results
In this section, we will focus our attention on the following general two-operator split
common fixed point problem:

find x* € C such that Ax" € Q, (3.1)

where A : H; — H, isabounded linear operator, U : H; — H; is a quasi-pseudocontractive
mapping and T : H, — H, is a quasi-pseudocontractive mapping with nonempty fixed
point sets Fix(U) = C and Fix(T) = Q, and we denote the solution set of the two-operator
split common fixed point problem by

I'={xe C;Ax € Q}.
Algorithm 3.1 For i, € H;, define a sequence {u,} as follows:

Xn =ty +yVA*[nI + 1 =n)T(A - B) + BT) - I1Auy,
Yn = (1 - gn)xn + Snuxm (32)
Up+l = [1 - (1 - 8n)an]xn + (1 - (Sn)anuyn

forall n € N, where y, v, n, and 8 are four constants, {«,}, {§,,}, and {§,} are three sequences
in [0,1].

Now, we demonstrate the convergence analysis of the algorithm (3.1).

Theorem 3.2 Let H; and Hy be two real Hilbert spaces. Let A : Hy — Hj be a bounded
linear operator. Let U : Hi — Hy and T : Hy — H, be two L-Lipschitzian quasi-pseudocon-
tractions with nonempty Fix(U) = C and Fix(T) = Q. Assume T —1I and U — I are demiclosed
at0and T # 0. If the parameters y, v, n, B, {a,}, {8,}, and {£,} satisfy the following control
conditions:

(C1): O<v<landO<y< x_lu where A is the spectral radius of the operator A*A;

(Cy): 0 <liminf,_, o oy <limsup,_, . o0, < 1;

(C3): 0<1—n§ﬂ<ﬁand0<a§1—8n§En<ﬁforallneN.

Then the sequence {u,} generated by algorithm (3.2) weakly converges to a split common
fixed point p e T'.

Remark 3.3 Without loss of generality, we may assume that the Lipschitz constant L > 1.
It is obvious that 8 < —L < % for all n > 1.

1 V141241
Since &, < oo we have

1-26,-&%*>0

forall n e N.
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Proposition 3.4 Let the mapping T : H, — H, be L-Lipschitzian with L > 1. Then
Fix(T) = Fix(T((1 - B)I + BT))
forall B € (0, %).

Proof As a matter of fact, Fix(T) C Fix(T((1 - B)I + BT)) is obvious.
Next, we show that Fix(T((1 — )] + BT)) C Fix(T).
Take any x* € Fix(T((1-B)I+BT)). Wehave T((1-B)I+BT)x* =x*.Set S=(1-B)I[+BT.
We have TSx* = x*. Write Sx* = y*. Then Ty* = x*. Now we show x* = y*. In fact,
" =y = | - sx7
= | - (1 - B)a* - BTx||
= By - |
< BLly" -]

Since B < %, we deduce y* = x* € Fix(S) = Fix(T). Thus, x* € Fix(T). Hence, Fix(T((1 -
B) + BT)) C Fix(T). Therefore, Fix(T((1 - B8)I + BT)) = Fix(T). a

Proposition 3.5
”nx +1=n)T(1-B)+BT)x—x* H < ||x—x* H
for all x € Hy and all x € Fix(T).

Proof Since x* € Fix(T), we have from (2.1)

2

| T(A= B+ BT)x—x*|* < (1= B)(x—2*) + B(Tx - ) |
+ [(A=B)I+BT)x—T((A- B+ BT)x| (3.3)

and
|- | < o= 2| + 1 T - %)) (3.4)

for all x € H,.
By (3.3), (2.2), and (3.4), we obtain
| T(-B)I+ BT)x—x*|°
<Ja-pl-a)+ p(Tx-2)|’
+ (=B +BT)x—T(A-B)I +BT)x|
= [a=B)(x - T(1- B + BT)x) + B(Tx — T((L - ) + BT)x)|*
+ |- B)(x—x*) + B(Tx—x*)|?
= (1-B)|x-T(A-B)I+BT)x|* + B| Tx - T((1- B)I + BT)x|

Page 6 of 13
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—BA-B)llx—Txl> + (1= )| — || * + B Tx - a*||* = B - B)llx - Te|?
<a —,B)Hx—x*“2 +B([x - ||2 + [l = Tx[|?)
~26(1— B)llx - Txl)* + (1 - B) |2 = T((L - B) + BT)x|”

+ B Te-T(A- B+ BT)x|’.
Noting that T is L-Lipschitzian and x — (1 — )] + BT)x = B(x — Tx), we have
| T((1=B)I+ BT)x—x*|°
<A=-B)x-2"|" + B(Jx-x"|" + lx - TxI?)
=2B(1-B)llx = Txl|I*> + 1= B)|x - T(A - B + ﬂT)xHZ +BPL?|lx - Tx||?
= |x—a |+ (1= B)|x - T(A-B)I + BT)x|* - B(1-28 - B2L?) |x — Tx||>.  (3.5)
Since B < ﬁ, we have
1-28-8%L%>0.
From (3.5), we can deduce
|T(@-B)I+BT)x~x* ||2 <|lx-=* ||2 +(1-B)|x-T(A-B)+ ,BT)x“2 (3.6)

for all x € Hy and x* € Fix(T).
Hence,
|nx+ @ =m)T (L= B + BT)x —x*|*

<|n(x-a*)+ Q=) (T(Q- B+ BT)x—x) |’

=nfx—a|* + A=) | T(QA- B + BT)x—2*|”
— (=) T(A- B+ BT)x - x|’

<nle—a "+ Qemlx ="+ A= )= T(A =PI+ BT)a] ]
— (=) T(1- B+ BT)x - x|’

= ||x—x* H2 +1-n1-8- n)” T((l - B+ ,BT)x—tz. (3.7)
By (C3) and (3.7), we deduce
[nx+@=m)T(A-BI+BT)x—x*| < |lx—x*|. O

Proposition 3.6 Let the mapping T : Hy — Hj be L-Lipschitzian with L > 1. If T — I is
demiclosed at 0, then T((1 - B)I + BT) — I is also demiclosed at 0 when 8 € (0, %).

Proof Letthe sequence {x,} C H, satisfying x,, =~ ¥ and x,, — T((1- B)] + BT)x, — 0. Next,
we will show that x € Fix(T'((1 - 8)I + BT)).

Page 7 of 13


http://www.journalofinequalitiesandapplications.com/content/2014/1/304

Zhu et al. Journal of Inequalities and Applications 2014, 2014:304 Page 8 of 13
http://www.journalofinequalitiesandapplications.com/content/2014/1/304

From Proposition 3.4, we only need to prove that x € Fix(7). As a matter of fact, since

T is L-Lipschitzian, we have

s = Txull < |0 = T(A = B + BT )| + || T(QA = B + BT )% — Tt

<||%n = T(@ = B) + BT) x| + BLItw — Txull.

It follows that
1
lloen — T || < - AL [0 = T(@ =B + BT
Hence,

lim ||x, — Tx,| = 0.
Applying the demiclosedness of T, we immediately deduce x € Fix(T). d

Next, we prove Theorem 3.2.

Proof Letx* € I'. Then we get x* € Fix(U) and Ax* € Fix(T). From (2.2) and (3.2), we have

|t —2||* = |[1= (1= 8)at ] + (1 = 8, Uy — |
= 1@ = @) (0 — &) + @[S, + (1= 8,) Uy, — ]|
= (L= o) |20 = ||* + @ |8 + (1= 8,) Uy, — |
— (1= ) [ 80 + (1= 8,) Uy — |
= e[S 0 — 2”4 (1= 8,) | Uy — 2 |* = 841 = )1 Uy — 2al?]

+(1-ay,) ||x,, —x* ||2 —a,(1-ay) ||8nx,, +(1=8,) Uy, —xy ||2 (3.8)
Since x* € Fix(U), we have from (2.1)
||Ux—x*H2§ Hx—x*||2+ llx — Ux]|? (3.9)

forallx e C.
By a similar argument to that of (3.6), we obtain

Ly =) < o =" + (1= &) 0w — Uyl (3.10)
Substituting (3.10) to (3.8) and noting that 1 — §, < §,,, we have

s =2 * = (1= cun) s =5 + ctn {8 |00 = 27|+ (0= 8 [n = 2**
+ (1= E)llxn = Uynll*] = 841 = 8,) | Uy — x|}
— (1= ) |86 + (L= 8,) Uy — 5|
= =)y =2 + {0 -7

+ (1= 8,)A =&, — 8,)lln — Uyull®}
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-a,(1-ay,) ”(Snxn + (1 =8,) Uy, — xy ”2

< [on =) = @n@ = @) | 80 + (1 = 8,) Uy — || (3.11)
Since A is the spectral radius of the operator AA*, we deduce

([nf+@ =T (@ -B)I+BT)-IAu,, AA*[nI + A=) T (A - B)I + BT) — I]Au,)

<A|[nf+ @ =nT(Q= B + BT) — I Auy|”.
This together with (3.2) implies that

|0 =% = |t — & + yvA* [nI + A=) T(A - B)I + BT) — 1] Aw,||”
= ot = |* + 29 v{A* [0 + (L= )T (L= B) + BT) — ] Atk 1, — x*)
+y20? | A [l + A= T(Q - B)I + BT) - 1 Aw,||”
= [ty —x*||* + 29 0{A*[0L + A=) T (A= B)I + BT) - I]Ayy, 4 — )
+y2v3 ([0l + A=n)T (L - B + BT) — I]Au,,
AA* I+ A=n)T (A=) + BT) - 1]Auy,)
< [t —a*|* + 2pv(A*[0L + (L= ) T((A = B) + BT) — 1) Anty, 4, — 5%)

+ 22| [0+ A= T(A - B) + BT) - 1 Au, |’ (312)
By Proposition 3.5 and noting that Ax* € Fix(T'), we have
I[nf+@-mT(1-BI+BT)]|Au, - Ax*|| < ||Au, — Ax*|.
At the same time, we have the following equality in Hilbert spaces:
e =217 = Il + lyl* = 2(x, ). (3.13)

In (3.13), picking up x =[5/ + (1 - n)T((1 - B)I + BT) — [JAu, and y = [nl + (1 — ) T((1 -
B) + BT)|Au, — Ax* we deduce
|Au, = Ax*|* = |[nI + A=) T(Q - B)I + BT) - I]Au,
—{[n1+Q-nT((L-B)I + BT)]|Au, - Ax*}|
= [l + =T (A =B +BT) - 1]Au,|
[0+ A= T (A= B) + BT)]|Au, — Ax*|)?
=2+ @ -n)T(QA-B)+BT) —1|Au,
[nI+@-nT((1-B)+BT)]|Au, — Ax*)
< |I[nf+ Q=T (A= B)I + BT) - 1w, | + | Aus, — Ax*|”
=2l + (- T(QA-B) +BT) —1|Au,

[r][ +(1- n)T((l - B+ ,BT)]AM,, —Ax*).

2

Page9of 13
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It follows that

([0 + (A=) T (1= B)I + BT) = [JAuy, [nI + (1= n)T((1 = B)I + BT)]Aus, — Ax")
< %H [0 +@=mT (A= B) + BT) ~ 1) Au, .
Thus,

(A*[nf+ Q- T(L- B + BT) —I]Aty, uy — x¥)
=([n+@-nT(A- B +BT)—1|Au,, Au, — Ax")
=([n+@-nT(0-B)M+BT)-1]|Auy,,

[n1+Q-n)T((1-B)I+BT)]|Au, - Ax*)
+{[nI+ @ -mT(1-B) +BT) - I]Auy,
Auy— [0l + (A -n)T((1- B +BT)]Au,)

=

I[n1+ = T(Q-B)I +BT) - Aw, |

N =

~[|[nz+ @=mT (- B + BT) - JAus |’
1
T2

|[nf+ Q=T (A= B)I + BT) — I|Au,||”. (3.14)
From (3.11), (3.12), and (3.14), we get

a1 — &* ||2 < |un -+ ||2 —yv@=ayv)||[nf + A=n)T(Q-B) + BT) - I]Au, H2

— ot (L= et) [ Bt + (1= 8,) Uy — 2. (3.15)
We deduce immediately that
it '] = ]
Hence, lim,,_, o |4, — x| exists. This implies that {u,} is bounded. Consequently, we have

0 < yv(d-rpv)|[nl + A= T(A - B + BT) - 1)Aw,|”
< =" = s - 2*[* > 0.
Therefore,

JTim [[[n7 + (=T (A=) +BT) - IJAu, | = 0. (3.16)
Since {u,} is bounded, w,,(u,) # ?. We can take u € w,(u,), that is, there exists {un} such
that @ — lim;, o #,; = p. Since T — I is demiclosed at 0, by Proposition 3.6, we see that
T((1-B)I + BT) -1 is also demiclosed at 0. Then, from (3.16), we obtain

[l +@-nT(A-pB)+BT)-I]An=0.

Thus, Au € Fix(T((1 - B)I + BT)) = Fix(T).
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From (3.15), we deduce
2 w2 w12
o,(1 —a,,)||8,,x,, +(1-8,)Uy, —x, || < ||u,, -x || - ||u,,+1 —x || — 0.
This together with (C,) implies that
lim || 8,2, + (1= 8,) Uy — x| = lim (1 = 8,) | Uy, — x4l = 0.
Noticing that 1 - §,, > a, we get immediately
lim || Uy, —x,| = 0.
n—0Q

Since U is L-Lipschitzian, we have

Uy = xull < 1 Uxy — Uyull + 1 Uy — x4l
< Llxy = yull + 1 Uy, — x4l

= Lénlluxn _an + ”Uyn _an-
It follows that

Ux, — x| <
Uy, n”_l_L%_n

”Uyn — Xl

Since &, < ﬁ < %, we deduce
lim || Ux, —x,| = 0. (3.17)
n—00

From (3.2) and (3.16), we have lim,_, ||x, — #,|| = 0. Thus, @ — limy, o 2, = p. By the
demiclosedness of U — I at 0 and (3.17), we get € Fix(U). Hence, u € Fix(U). Therefore,
nerl.

Note that there is no more than one weak-cluster point of {x, }. In fact, if we assume there
exists another {u,,} such that @ — limy_, u,, = [i # i, then we can deduce i € Fix(U).
Now we show i = u. By the Opial property of Hilbert space, we have

liminf ||z, — il < liminf [z, — |l = m ||z, — wl|
k— 00 k— 00 n—00
= liminf||u,,}. - u|l < liminf||u,,}. -l
j—>o0 j—o0
= lim [lu, - 4]
n— o0
= liminf||u,, - i].
k— o0

This is a contradiction. Hence, the weak convergence of the whole sequence {u,} follows
by applying Lemma 2.2 with © = I". This completes the proof. 0

Remark 3.7 Since the class of quasi-pseudocontractions contains the demicontractive
operators, the directed operators, the quasi-nonexpansive operators and the strictly pseu-
docontractive mappings with fixed points as special cases, our results present a unified
framework for the study of this problem and this class of operators.
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Corollary 3.8 Let Hy and Hj be two real Hilbert spaces. Let A : Hy — H, be a bounded
linear operator. Let U : Hy — Hy and T : Hy — H, be two L-Lipschitzian demicontractive
mappings with nonempty Fix(U) = C and Fix(T) = Q. Assume T — I and U — I are demi-
closed at 0 and T" # (. If the parameters y, v, n, B, {a,}, {8,} and {€,} satisfy the following
control conditions:

(C): O<v<landO<y< A—lv, where A is the spectral radius of the operator A*A;

(Cy): 0 <liminfy,_ o oty <limsup,_, o oty < 1;

(Cs3): 0<1—r;§ﬁ<ﬁand0<a§1—8n§§n<ﬁforaﬂneN.

Then the sequence {u,} generated by algorithm (3.2) weakly converges to a split common
fixed point u € T.
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